The equations which determine partitioning of CI,, in steady state have multiple (three) solutions under conditions which might arise in the high-latitude winter stratosphere. Two of these solutions are stable, one is unstable, to infinitesimal perturbations. The relative stability of solutions is examined by subjecting the system to finite perturbations. The more stable solution is found to eliminate the less stable when semi-infinite volumes of the two solutions are placed in contact. The high-C10, low-NO2 solution is more stable under most conditions. Transitions from less to more stable states are slow in winter but may occur more rapidly when the seasonal variation of insolation is taken into account.
Our understanding of stratospheric chemistry has changed somewhat since the earlier study. Current models indicate that HNO4 may play an important role in the lower stratosphere. Reaction of OH with HNO 3 is now thought to be rapid at low temperatures. It is clear that models for the chemistry of the lower stratosphere will continue to evolve. We elect here to retain the kinetic rates employed by Prather et al. [1979] . We demonstrate, however, that multiple solutions occur also with the more complete reaction schemes recommended by NASA/dPL [1981] . This paper is concerned with analysis of the stability of the three branches of solutions. Our emphasis is directed to the phenomenology of this problem, and our conclusions are unaffected by the details of the recent changes in kinetics. We conclude with a brief discussion of the implications of this work for present understanding of the stratosphere.
ORIGIN OF THE MULTIPLE SOLUTIONS
A qualitative understanding of the multiple steady states may be provided by a simple model with insolation averaged over 24 hours, with species and reactions as given in Table 1 
The concentrations of chlorine radicals are given by Table 1 . Three solutions exist for 3.5 x 10 9 < Cl x < 10 X 10 9 cm-3. The points on each curve correspond to the solutions in 
LINEAR STABILITY ANALYSIS
We need to analyze the stability of solutions to determine which of the possible steady states may occur in the atmosphere. The response of the system depends on the nature of the perturbation. It is necessary to specify whether the perturbation is infinitesimal or finite, constant or time dependent, homogeneous or spatially variable. We first consider the stability of arbitrary infinitesimal perturbations. The time evolution of the system is described by the following set of equations: 
If the eigenvalues of the Jacobian matrix have negative real parts, the perturbation decays with time and the stationary state is stable. If at least one eigenvalue has a positive real part, the stationary state is unstable to infinitesimal perturbations. 
STABILITY OF A FINITE PARCEL
A system initially in the less stable of the two possible steady states discussed above is not disturbed by infinitesimal perturbations. We may ask how large the perturbation must be to cause change. Consider a one-dimensional system characterized by the less stable state, to which we add an air parcel with composition described by the more stable solution. Figure 6a hours. The energy flux from the sun is periodic, however, and many reactive species virtually disappear at night. We found two periodic solutions to the time-dependent kinetic equations with diurnal forcing. As shown in The high-C10, low-NO• solution is more stable under most conditions. The low-C10, high-NO• solution is favored only for a narrow range of NO, near Clx. The sharp decline in stratospheric NO2 between 40 ø and 50øN observed by Noxon [1975] in the winter of 1974-1975 could reflect the dominance of the high C10, low NO• solution. Prather et al. [1979] showed that the possibility of multiple solutions first appears near 50øN and extends to higher latitude. In the presence of fluctuations, the atmosphere will be forced into this state, regardless of initial conditions. The transition may be abrupt, reflecting the discontinuous nature of multiple solutions.
Conversion of HC1 to C1, C10, and C1NO 3 is limited by low concentrations of OH in the present model. The associated time constant is long, about 3 x 10 ? s, raising questions concerning the applicability of the model under realistic conditions. A more complete investigation will require simulation of both transport and chemistry during the transition from fall to winter. Time constants are relatively short in fall, less than 10 ? s, and the atmosphere should evolve rapidly toward the high-C10, low-NO: state during this transition.
The present analysis constitutes a second step in a complete study of chemical bifurcations in the stratosphere. The bifurcation discussed here requires that Clx concentrations exceed NO,, allowing titration of NO, by C10, resulting in large concentrations of C1NO 3. Since CFMs and CH3CC13, the precursors of stratospheric chlorine, are increasing rapidly with time, abrupt changes in chemical regime may be expected to occur over a much larger region of the atmosphere in the future.
